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(54) ORGANIC EL DEVICE 

(57) The object of the invention is to provide an 
organic EL device which possesses the merits of both 
an organic material and an inorganic material, has high 
efficiency and an extended life, and can be fabricated at 
low cost. This object is achieved by the provision of an 
organic EL device comprising a hole injecting electrode, 
an electron injecting electrode and an organic layer 
interleaved between these electrodes and including at 
least a light emitting layer. A high- resistance inorganic 
electron transporting layer is interleaved between the 
light emitting layer and the electron injecting electrode 
and includes a conduction path for blocking holes and 
transporting electrons. An organic electron injecting 
layer is interleaved between the high -resistance inor- 
ganic electron transporting layer and the electron inject- 
ing electrode. 
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Description 

[0001] The present invention relates generally to an 
organic EL (electroluminescent) device, and more spe- 
cifically to an inorganic/organic junction structure used 
for a device comprising an organic compound thin film 
which emits light at an applied electric field. 

BACKGROUND OF THE INVENTION 

[0002] An organic EL device is now under develop- 
ment and investigation so that it can be used for display 
purposes, because it can be formed over a large area. 
In general, an organic EL device is basically built up of 
an ITO or other transparent electrode formed on a glass 
substrate, an organic amine base hole transporting 
layer laminated on the transparent electrode, an organic 
light emitting layer formed of a material having elec- 
tronic conductivity and giving out strong light emission, 
for instance, an Alq3 material, and an electrode pro- 
vided on the organic light emitting layer and formed of a 
material having a low work function, for instance, an 
MgAg material. 

[0003] As reported so far in the art, the device has 
a structure wherein one or plural organic compound lay- 
ers are interleaved between a hole injecting electrode 
and an electron injecting electrode. The organic com- 
pound layer has a double- or triple-layer structure. 
[0004] Examples of the double-layer structure are a 
structure wherein a hole transporting layer and a light 
emitting layer are formed between the hole injecting 
electrode and the electron injecting electrode, and a 
structure wherein a light emitting layer and an electron 
transporting layer are formed between the hole injecting 
electrode and the electron injecting electrode. In an 
exemplary triple-layer structure, a hole transporting 
layer, a light emitting layer and an electron transporting 
layer are provided between the hole injecting electrode 
and the electron injecting electrode. A single-layer 
structure wherein a single layer has all functions, too, is 
reported in conjunction with a polymer or mixture sys- 
tem. 

[0005] Typical structures of the organic EL device 
are shown in Figures 3 and 4. 

[0006] In Fig. 3, a hole transporting layer 14 and a 
light emitting layer 15, each made of an organic com- 
pound, are formed between a hole injecting electrode 
1 2 provided on a substrate 1 1 and an electron injecting 
electrode 1 3. In this case, the light emitting layer 1 5 also 
functions as an electron transporting layer. 
[0007] In Fig. 4, a hole transporting layer 14, a light 
emitting layer 15 and an electron transporting layer 16, 
each made of an organic compound, are formed 
between a hole injecting electrode 12 provided on a 
substrate 11 and an electron injecting electrode 13. 
[0008] A problem common to these organic EL 
devices is reliability. In principle, an organic EL device 
comprises a hole injecting electrode and an electron 



injecting electrode and requires an organic layer for effi- 
cient injection and transportation of holes and electrons 
from between these electrodes. However, these materi- 
als are sensitive to damages during device fabrication, 
5 and offer a problem in conjunction with an affinity for 
electrodes. Another problem is that the deterioration of 
an organic thin film is much severer than that of an LED 
or LD. 

[0009] An electroluminescent (EL) device emits 

10 light under the influence of an electric field. The action 
of a semiconductor layer forming such an EL manifests 
itself through radiative combination of electron-hole 
pairs injected from a pair of electrodes into the semicon- 
ductor. One example of this is a light emitting diode 

15 based on a GaP semiconductor or other similar group 
lll-V semiconductor. Although these devices are utilized 
effectively and in wide fields, yet application thereof to 
large-area displays is not only difficult but also uneco- 
nomical because their size is very minute. Some 

20 replacements applicable to large-area displays are 
known in the art. Of such inorganic semiconductors, 
ZnS is the most useful. However, one non-negligible 
practical problem with this system is that it is poor in reli- 
ability. In one mechanism to which ZnS relates, a kind of 

25 carrier is accelerated through the semiconductor in a 
strong electric field. This is believed to cause local exci- 
tation of the semiconductor, which decays upon radia- 
tive emission. 

[0010] To provide a solution to such problems, 
30 methods of taking advantage of merits of both an 
organic material and an inorganic semiconductor mate- 
rial have been envisaged. That is, an organic/inorganic 
semiconductor junction structure wherein an organic 
hole transporting layer is substituted by an inorganic p- 
35 type semiconductor has been contemplated. Such con- 
templation has been investigated in Japanese Patent 
No. 2636341, and JP-A's 2-139893, 2-207488 and 6- 
1 19973. However, it is still difficult to obtain an organic 
EL device superior to prior art organic ELs in terms of 
40 emission performance and basic device reliability. 

SUMMARY OF THE INVENTION 

[0011] One object of the invention is to provide an 
45 organic EL device which possesses the merits of both 
an organic material and an inorganic material, has high 
efficiency and an increased service life, and can be fab- 
ricated at low cost. 

[0012] The above object is achieved by the embod- 
50 iments defined below. 

(1) An organic EL device which comprises: 

a hole injecting electrode, an electron injecting 
55 electrode and an organic layer interleaved 

between these electrodes and including at 
least a light emitting layer, 
a high-resistance inorganic electron transport- 
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ing layer interleaved between said light emitting 
layer and said electron injecting electrode, 
said high-resistance inorganic electron trans- 
porting layer being capable of blocking holes 
and having a conduction path for carrying elec- 
trons, and 

an organic electron injecting layer interleaved 
between said high-resistance inorganic elec- 
tron transporting layer and said electron inject- 
ing electrode. 

(2) The organic EL device according to (1), wherein 
said high -resistance inorganic electron transporting 
layer comprises as a first component at least one 
oxide having a work function of 4 eV or lower and 
selected from the group consisting of oxides of an 
alkali metal element, an alkaline earth metal ele- 
ment, and a lanthanide element, and as a second 
component at least one metal selected from the 
group consisting of metals having a work function of 
3 to 5 eV. 

(3) The organic EL device according to (1) or (2), 
wherein said second component is at least one 
metal selected from the group consisting of Zn, Sn, 
V, Ru, Sm, and In. 

(4) The organic EL device according to any one of 
(1) to (3), wherein said alkali metal element is at 
least one element selected from the group consist- 
ing of Li, Na, K, Rb, Cs, and Fr, said alkaline earth 
metal element is at least one element selected from 
the group consisting of Mg, Ca, and Sr, and said 
lanthanide element comprises at least one element 
selected from the group consisting of La, and Ce. 

(5) The organic EL device according to any one of 
(1) to (4), wherein said high-resistance inorganic 
electron transporting layer has a resistivity of 1 to 1 
x 10 11 CI* cm. 

(6) The organic EL device according to any one of 
(1) to (5), wherein said high-resistance inorganic 
electron transporting layer contains said second 
component in an amount of 0.2 to 40 mol% relative 
to all components thereof. 

(7) The organic EL device according to any one of 
(1) to (6), wherein said high-resistance inorganic 
electron transporting layer has a thickness of 0.2 to 
30 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Figure 1 is a sectional schematic of one basic 
embodiment of the organic EL device according to 
the invention. 

Figure 2 is a sectional schematic of another basic 
embodiment of the organic EL device according to 
the invention. 

Figure 3 is a sectional schematic of one architec- 
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ture example of a prior art organic EL device. 
Figure 4 is a sectional schematic of another archi- 
tecture example of the prior art organic EL device. 

5 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0014] The organic EL device according to the 
invention comprises a hole injecting electrode, an elec- 

w tron injecting electrode, an organic layer interleaved 
between these electrodes and including at least a light 
emitting layer, a high -resistance inorganic electron 
transporting layer interleaved between the light emitting 
layer and the electron injecting electrode, said high- 

15 resistance inorganic electron transporting layer being 
capable of blocking holes and having a conduction path 
for carrying electrons, an organic electron injecting layer 
interleaved between the high -resistance inorganic elec- 
tron transporting layer and the electron injecting elec- 

20 trode. 

[0015] For the electron injecting electrode material, 
it is preferable to use a material having a low work func- 
tion. For instance, use may be made of pure metal ele- 
ments such as K, Li. Na, Mg, La, Ce, Ca, Sr, Ba, Al, Ag, 

25 In, Sn, Zn, and Zr, and a binary or ternary alloy system 
serving as a stabilizer and containing these elements as 
well as oxides thereof. Oxides and fluorides of alkali 
metals such as Li, Na, K, Rb, and Cs may also be used. 
Exemplary alloys may be Ag • Mg (Ag: 0.1 to 50 at%), 

30 Al • Li (Li: 0.01 to 12 at%), In • Mg (Mg: 50 to 80 at%), 
and Al • Ca (Ca: 0.01 to 20 at%). For the electron inject- 
ing electrode layer, a thin film made up of each of these 
materials, and a multilayer thin film made of two or more 
such materials may be used. 

35 [0016] The electron injecting electrode thin film 
should preferably have at least a certain thickness 
enough to inject electrons or a thickness of at least 0.1 
nm, preferably at least 0.5 nm, and more preferably at 
least 1 nm. Although there is no particular upper limit to 

40 the electron injecting electrode thickness, the electron 
injecting electrode may usually have a thickness of the 
order of 1 to 500 nm. Additionally, an auxiliary electrode 
(protective electrode) may be located on the electron 
injecting electrode. 

45 [0017] The auxiliary electrode should preferably 
have at least a certain thickness enough to ensure elec- 
tron injection efficiency and prevent entrance of mois- 
ture, oxygen or organic solvents or a thickness of 
preferably at least 50 nm, more preferably at least 100 

so nm, and even more preferably 100 to 500 nm. With too 
thin an auxiliary electrode, neither is its own effect 
obtainable, nor is sufficient connection with terminal 
electrodes obtainable because the ability of the auxil- 
iary electrode to cover steps becomes low. When the 

55 auxiliary electrode is too thick, on the other hand, the 
growth rate of dark spots becomes un acceptably high 
because of an increase in the stress of the auxiliary 
electrode. 
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[0018] The auxiliary electrode should preferably be 
formed of the optimum material chosen depending on 
the electron injecting electrode material used in combi- 
nation therewith. For instance, a low-resistance metal 
such as Al may be used if it is important to make up for 
low electron injection efficiency of the electron injecting 
electrode, and a metal compound such as TiN may be 
used if emphasis is placed on sealability. 
[0019] Preferably but not exclusively, the total thick- 
ness of the electron injecting electrode plus the auxiliary 
electrode should usually be the order of 50 to 500 nm. 
[0020] The hole injecting electrode should prefera- 
bly be composed of a material that can inject holes in 
the hole injecting layer with high efficiency and has a 
work function of 4.5 eV to 5.5 eV, for instance, any one 
of tin-doped indium oxide (ITO), zinc-doped indium 
oxide (1ZO), indium oxide (ln 2 0 3 ), tin oxide (Sn0 2 ), and 
zinc oxide (ZnO). It is here to be noted that these oxides 
may deviate slightly from their stoichiometric composi- 
tions. Regarding ITO, it is desired that the mixing ratio of 
Sn0 2 with respect to ln 2 O a be in the range of 1 to 20 
wt%, and especially 5 to 12 wt%. Regarding IZO, the 
mixing ratio of ZnO with respect to ln 2 0 3 is usually in 
the range of 12 to 32 wt%. 

[0021] The hole injecting electrode may further con- 
tain silicon oxide (Si0 2 ) for work function control. The 
content of silicon oxide (Si0 2 ) should preferably be of 
the order of 0.5 to 10% in terms of the molar ratio of 
Si0 2 to ITO. The incorporation of Si0 2 contributes to an 
increase in the work function of ITO. 
[0022] The electrode on the side out of which light is 
taken should preferably have a light transmittance of at 
least 50%, preferably at least 80%, and more preferably 
at least 90% with respect to light emitted at an emission 
wavelength of usually 400 to 700 nm. With decreasing 
transmittance, the light emitted from the light emitting 
layer attenuates, and so it is difficult to obtain the lumi- 
nance needed for an light emitting device. 
[0023] The electrode should preferably have a 
thickness of 50 to 500 nm, and especially 50 to 300 nm. 
Although there is no particular upper limit to the elec- 
trode thickness, too thick an electrode gives rise to con- 
cerns such as a transmittance drop, and defoliation. Too 
thin an electrode fails to obtain sufficient effect, and 
offers a problem in conjunction with film thickness, etc. 
during device fabrication. 

[0024] The light emitting layer is made up of one 
organic compound thin film taking part in at least a light 
emission function or formed by lamination of two or 
more such organic compound thin films. 
[0025] The light emitting layer has functions of 
injecting holes and electrons, transporting them, and 
recornbining holes and electrons to create excitons. For 
the light emitting layer, it is preferable to use a relatively 
electronically neutral compound, so that the electrons 
and holes can be easily injected and transported in a 
well-balanced state. 

[0026] Preferably but not exclusively, the thickness 



of the light emitting layer should be of the order of usu- 
ally 5 to 500 nm, and especially 10 to 300 nm although 
varying depending on their formation processes. 
[0027] In the organic EL device according to the 

5 invention, the light emitting layer contains a fluorescent 
material that is a compound capable of emitting light. 
The fluorescent material used herein, for instance, may 
be at least one compound selected from compounds 
such as those disclosed in JP-A 63-264692, e.g., 

w quinacridone, rubrene, and styryl dyes. Use may also 
be made of quinoline derivatives such as metal complex 
dyes containing 8-quinolinol or its derivative as ligands, 
for instance, tris(8-quinolinolato)aluminum, tetraphe- 
nylbutadiene, anthracene, perylene, coronene, and 12- 

15 phthaloperinone derivatives. Use may further be made 
of phenylanthracene derivatives disclosed in JP-A 8- 
1 2600 (Japanese Patent Application No. 6-1 1 0569) and 
tetraarylethene derivatives disclosed in JP-A 8-12969 
(Japanese Patent Application No. 6-1 14456). 

20 [0028] Preferably, the fluorescent compound is 
used in combination with a host substance capable of 
emitting light by itself; that is, it is preferable that the flu- 
orescent compound is used as a dopant. In such a 
case, the content of the fluorescent compound in the 

25 light emitting layer is in the range of preferably 0.01 to 
10% by volume, and especially 0.1 to 5% by volume, 
and the content of the rubrene compound is in the range 
of preferably 0.01 to 20% by volume. By using the fluo- 
rescent compound in combination with the host sub- 

30 stance, it is possible to vary the wavelength 
performance of light emission of the host substance, 
thereby making light emission possible on a longer 
wavelength side and, hence, improving the light emis- 
sion efficiency and stability of the device. 

35 [0029] Quinolinolato complexes, and aluminum 
complexes containing 8-guinolinol or its derivatives as 
ligands are preferred for the host substance. Such alu- 
minum complexes are typically disclosed in JP-A's 63- 
264692, 3-255190, 5-70733, 5-258859, 6-215874, etc. 

40 [0030] Exemplary aluminum complexes include 
tris(8-quinolinolato)aluminumn, bis(8-quino- 
linolato)magnesium, bis(benzo{f}-8-quinolinolato)zinc, 
bis(2-methyl-8-quinolinolato)aluminum oxide, tris(8-qui- 
nolinolato)indium, tris(5-methyl-8-quinolinolato)alumi- 

45 num, 8-quinolinolato-lithium, tris(5-chloro-8- 
quinolinolato)gallium, bis(5-chloro-8-quinolinolato)cal- 
cium, 5,7-dichloro-8-quinolinolato-aluminum, tris(5,7- 
dibromo-8-hydroxyquinolinolato)aluminum, and 
poly[zinc(ll)-bis(8-hydroxy-5-quinolinyl)methane]. 

so [0031] Use may also be made of aluminum com- 
plexes containing other ligands in addition to 8-quinoli- 
nol or its derivatives, for instance, bis(2-methyl-8- 
quinolinolato) (phenolato) aluminum (111), bis(2-methyl- 
8-quinolinolato) (o-cresolato) aluminum (III), bis(2- 

55 methyl-8-quinolinolato) (m-cresolato) aluminum (III), 
bis(2-methyl-8-quinolinolato) (p-cresolato) aluminum 
(III), bis(2-methyl-8-quinolinolato) (o-phenyl-pheno- 
lato)aluminum (III), bis(2-methyl-8-quinolinolato)(m- 
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phenylphenolato)aluminum (III), bis(2-methyl-8-quino- 
linolato) (p-phenylphenolato)aluminum (III), bis (2- 
methyl-8-quinolino!ato) (2,3-dimethylphenolato)alumi- 
num (III), bis(2-methyl-8-quinolinolato)(2,6-dimnethyl- 
phenolato)aluminum (III), bis(2-methyl-8- 

quinolinolato)(3,4-dimethylphenolato) aluminum (III), 
bis(2-methyl-8-quinolinolato)(3,5-dimethylphenolato) 
aluminum (III), bis(2-methyl-8-quinolinolato)(3,5-di-tert- 
butylphenolato)aluminum (III), bis(2-methyl-8-quino- 
linolato) (2,6-diphenylphenolato)aluminum (III), bis(2- 
methyl-8-quinolinolato)(2,4,6-triphenylphenolato)alumi- 
num (III), bis(2-methyl-8-quinolinotato)(2 > 3,6*trimethyl- 
phenolato) aluminum (III), bis(2-methyl-8-quinolinolato) 
(2,3,5,6-tetramethyfphenolato)aluminum (III), bis (2- 
methyl-8-quinolinolato)(1 -naphtho!ato)aluminum (III), 
bis(2-methyl-8-quinolinolato)(2-naphtholato)aluminum 
(III), bis(2,4-dimethyl-8-quinolinolato)(o-phenylpheno- 
lato) aluminum (III), bis(2,4-dimethyl-8-quinolinolato) (p- 
phenylphenolato)aluminum (III), bis(2,4-dimethyl-8-qui- 
nolinolato)(m-phenylphenolato) aluminum (III), bis(2,4- 
dimethyl-8-quinolinolato)(3,5-dimethylphenolato)alumi- 
num (III), bis (2,4-dimethyl-8-quinolinolato)(3,5-di-tert- 
butylphenolato)aluminum (III), bis(2-methyl-4-ethyl-8- 
quinolinolato)(p-cresolato)aluminum (III), bis(2-methyl- 
4-methoxy-8-quinolinolato)(p-phenyl-phenolato)alumi- 
num (III), bis(2-methyl-5-cyano-8-quinolinolato)(o- 
cresofato)aluminum (III), and bis(2-methyl-6-trifluor- 
omethyl-8-quinolinolato) (2-naphtholato)aluminum (III). 
[0032] Besides, use may be made of bis(2-methyl- 
8-quinolinolato)aluminum (lll-|n-oxo-bis(2-methyl-8-qui- 
nolinolato) aluminum (III), bis(2,4-dimethyl-8-quino- 
linolato)aluminum (lll)-u.-oxo-bis(2,4-dimethyl-8- 
quinolinolato)aluminum (III), bis(4-ethyl-2-methyl-8-qui- 
nolinolato)aluminum (II l)-u-oxo-bis(4-ethyl-2-methyl-8- 
quinolinolato)aluminum (III), bis (2-m ethyl -4-methoxy- 
quinolinolato)aluminum (lll)-^-oxo-bis(2-methyl-4-meth- 
oxyquinolinolato)aluminum (III), bis(5-cyano-2-methyl- 
8-quinolinolato) aluminum (lll)-|i-oxo-bis(5-cyano-2- 
methy!-8-quinolinolato)aluminum (III), bis(2-methyi-5- 
trifluoromethyl-8-quinolinolato)aluminum (III)-jli-oxo- 
bis(2-methyl-5-trifluoromethyl-8-quinolinolato)alumi- 
num (III), etc. 

[0033] Other preferable host substances include 
phenylanthracene derivatives disclosed in JP-A 8- 
12600 (Japanese Patent Application No. 6-110569), 
tetraarylethene derivatives disclosed in JP-A 8-12969 
(Japanese Patent Application No. 6-1 14456), etc. 
[0034] In the practice of the invention, the light emit- 
ting layer may also serve as an electron injecting and 
transporting layer. In this case, it is preferable to use a 
fluorescent material, e.g., tris(8-quinolinolato)aluminum 
or the like, which may be provided by deposition by 
evaporation. 

[0035] If necessary or preferably, the light emitting 
layer is formed of a mixed layer of at least one com- 
pound capable of injecting and transporting holes with 
at least one compound capable of injecting and trans- 
porting electrons. Preferably in this case, a dopant is 



incorporated in the mixed layer. The content of the 
dopant compound in the mixed layer is in the range of 
preferably 0.01 to 20% by volume, and especially 0.1 to 
1 5% by volume. 

5 [0036] In the mixed layer with a hopping conduction 
path available for carriers, each carrier migrates in the 
polarly prevailing substance, so making the injection of 
carriers having an opposite polarity unlikely to occur. 
This leads to an increase in 4 he service life of the device 

io due to less damage to the organic compound. By incor- 
porating the aforesaid dopant in such a mixed layer, it is 
possible to vary the wavelength performance of light 
emission that the mixed layer itself possesses, thereby 
shifting the wavelength of light emission to a longer 

15 wavelength side and improving the intensity of light 
emission, and the stability of the device as well. 
[0037] The compound capable of injecting and 
transporting holes and the compound capable of inject- 
ing and transporting electrons, both used to form the 

20 mixed layer, may be selected from compounds for the 
injection and transportation of holes and compounds for 
the injection and transportation of electrons, as will be 
described later. 

[0038] For the compounds capable of injecting and 

25 transporting electrons, it is preferable to use metal com- 
plexes containing quinoline derivatives, especially 8- 
quinolinol or its derivatives as ligands, in particular, 
tris(8-quinolinolato) aluminum (Alq3). It is also prefera- 
ble to use the aforesaid phenylanthracene derivatives, 

30 and tetraarylethene derivatives. 

[0039] For the compounds for the injection and 
transportation of holes, it is preferable to use amine 
derivatives having strong fluorescence, for instance, 
hole transporting materials such as triphenyldiamine 

35 derivatives, styrylamine derivatives, and amine deriva- 
tives having an aromatic fused ring. 
[0040] In this case, the ratio of mixing the com- 
pound capable of injecting and transporting holes with 
respect to the compound capable of injecting and trans- 

40 porting electrons is determined while the carrier mobility 
and carrier density are taken into consideration. In gen- 
eral, however, it is preferred that the weight ratio 
between the compound capable of injecting and trans- 
porting holes and the compound capable of injecting 

45 and transporting electrons is of the order of 1/99 to 99/1 , 
especially 10/90 to 90/10, and more especially 20/80 to 
80/20. 

[0041] The mixed layer should have preferably a 
thickness that is equal to or larger than the thickness of 

so a single molecular layer and less than the thickness of 
the organic compound layer. More specifically, the 
mixed layer has a thickness of preferably 1 to 85 nm, 
especially 5 to 60 nm, and more especially 5 to 50 nm. 
[0042] Preferably, the mixed layer is formed by co- 

55 evaporation where the selected compounds are evapo- 
rated from different evaporation sources. When the 
compounds to be mixed have identical or slightly differ- 
ent vapor pressures (evaporation temperatures), how- 
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ever, they may have previously been mixed together in 
the same evaporation boat for the subsequent evapora- 
tion. Preferably, the compounds are uniformly mixed 
together in the mixed layer. However, the compounds in 
an island form may be present in the mixed layer. The 
light emitting layer may generally be formed at a given 
thickness by the evaporation of the organic fluorescent 
substance or coating a dispersion of the organic fluores- 
cent substance in a resin binder. 

[0043] No special limitation is imposed on condi- 
tions for vacuum evaporation. However, the vacuum 
evaporation should preferably be carried out at a degree 
of vacuum of up to 10~ 4 Pa and a deposition rate of 
about 0.01 to 1 nm/sec. Also, the layers should prefera- 
bly be continuously formed in vacuo, partly because the 
deposition of impurities on the interface between adja- 
cent layers is avoidable resulting in the achievement of 
high performance, and partly because the driving volt- 
age of the device can be lowered with elimination of 
dark spots or no growth of dark spots. 
[0044] When the layers, each containing a plurality 
of compounds, are formed by the vacuum evaporation 
process, it is preferable that co-evaporation is carried 
out while each boat with the compounds charged 
therein is placed under temperature control. 
[0045] In the organic EL device of the invention, the 
high -resistance inorganic electron transporting layer is 
provided between the light emitting layer and the elec- 
tron injecting electrode (cathode). 
[0046] By providing between the light emitting layer 
and the organic electron injecting electrode the high- 
resistance inorganic electron transporting layer includ- 
ing an electron conduction path and capable of blocking 
holes, it is thus possible to inject electrons into the light 
emitting layer with high efficiency and, hence, achieve 
improved light emission efficiency with a driving voltage 
drop. 

[0047] The conduction path should preferably be 
formed by using the second component of the high- 
resistance inorganic electron transporting layer in an 
amount of 0.2 to 40 mol% relative to all components 
thereof, so that electrons can be injected, with high effi- 
ciency, from the electron injecting electrode into the 
organic layer on the light emitting layer side. In addition, 
migration of holes from the organic layer to the electron 
injecting electrode side can be inhibited, thereby ensur- 
ing efficient recombination of holes and electrons in the 
light emitting layer. Furthermore, it is possible to achieve 
an organic EL device having the merits of both the inor- 
ganic material and the organic material. The organic EL 
device of the invention has luminance equivalent to or 
higher than that of a device comprising a prior art 
organic electron injecting and transporting layer, and is 
higher in heat resistance and weather resistance than 
such a device. Thus, the EL device of the invention is 
longer in service life than the prior art device and less 
susceptible to leakage and dark spots than the prior art 
device. Moreover, the organic EL device of the invention 



can be fabricated at lower cost because not only a rela- 
tively expensive organic material but also an inexpen- 
sive, easily available, and easy-to-produce inorganic 
material can be used. 

5 [0048] The inorganic electron transporting layer of 
high resistance should preferably have a resistivity of 1 
to 1 x 10 11 Q.* cm, and especially 1 x 10 3 to 1 x 10 8 
a* cm. By limiting the resistivity of the inorganic elec- 
tron injecting and transporting layer of high resistance to 

io the above range, it is thus possible to achieve remarka- 
ble improvements in electron injection efficiency while 
high electron block capabilities are kept. The resistivity 
of the inorganic electron transporting layer of high 
resistance may also be found from sheet resistance and 

is thickness. 

[0049] The high -resistance inorganic electron 
transporting layer should preferably comprise as the 
first component an oxide which has a work function of 4 
eV or lower, and preferably 1 to 4 eV, and is selected 

20 from the group consisting of: 

an oxide or oxides of at least one alkali metal ele- 
ment selected from the group consisting of Li, Na, 
K, Rb, Cs, and Fr, 
25 an oxide or oxides of at least one alkaline earth 
metal element selected from the group consisting of 
Mg, Ca, and Sr, and 

an oxide or oxides of at least one lanthanide ele- 
ment selected from the group consisting of La, and 

30 Ce. Of these oxides, lithium oxide, magnesium 
oxide, calcium oxide and cerium oxide are most 
preferred. In use, they may be mixed at any desired 
ratio. The mixture should then preferably contain 
lithium oxide in an amount of at least 50 mol% as 

35 calculated in the form of Li 2 0. 

[0050] The high -resistance inorganic electron 
transporting layer should preferably contain as the sec- 
ond component at least one element selected from the 

40 group consisting of Zn, Sn, V, Ru, Sm, and In. The con- 
tent of the second component should then be preferably 
0.2 to 40 mol%, and more preferably 1 to 20 mol%. At a 
lower content the function of injecting electron becomes 
worse and at a higher content the function of blocking 

45 holes becomes worse. When two or more elements are 
used in combination, it is preferred that the total content 
of the elements be within the above range. The second 
component may be present in the form of either a metal 
element or an oxide. 

so [0051] The incorporation of the electrically conduc- 
tive (low-resistance) second component in the first com- 
ponent of high resistance allows the conductive material 
to take an island form in the insulating material. This is 
then believed to create a hopping path for electron injec- 

55 tion. 

[0052] Although the first component oxide has usu- 
ally a stoichiometric composition, yet it may deviate 
slightly from the stoichiometric composition or it may 
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have a non-stoichiometric composition. The same also 
holds for the second component oxide although it is 
usually present in the form of an oxide. 
[0053] The high-resistance inorganic electron 
transporting layer may further contain as impurities H, 
and Ne, Ar, Kr, Xe, etc. used for sputtering gases in a 
total amount of 5 at% or less. 

[0054] It is to be noted that if the high-resistance 
inorganic electron transporting layer has such an aver- 
age composition as a whole, it is then acceptable that 
the layer is not uniform or has a concentration gradient 
in the thickness direction. 

[0055] The high-resistance inorganic electron 
transporting layer is usually in an amorphous state. 
[0056] The inorganic electron transporting layer of 
high resistance should preferably have a thickness of 
about 0.2 to 30 nm, and especially about 0.2 to 10 nm. 
Too large or small a thickness does not allow the elec- 
tron transporting layer to have its own function. 
[0057] The high-resistance inorganic electron 
transporting layer may possibly be fabricated by various 
physical or chemical thin-film formation techniques such 
as a sputtering technique, and an evaporation tech- 
nique, with the sputtering technique being preferred. 
Particular preference is given to a multi-sputtering tech- 
nique wherein targets for the first and second compo- 
nents are separately sputtered. In the multi-sputtering 
technique, suitable sputtering processes can be applied 
to the respective targets. In a single sputtering tech- 
nique, it is preferable to use a mixed target wherein the 
first and second components are mixed together. 
[0058] When the high-resistance inorganic electron 
transporting layer is formed by means of the sputtering 
technique, the gas pressure for sputtering should pref- 
erably be in the range of 0.1 to 1 Pa. For the sputtering 
gas, inert gases used with ordinary sputtering systems, 
for instance, Ar, Ne, Xe, and Kr may be used, if required, 
together with N 2 . For a reactive sputtering process, 
these sputtering gases may be mixed with about 1 to 
99% of 0 2 to provide a sputtering atmosphere. 
[0059] For the sputtering technique, an RF sputter- 
ing process using an RF power source, a DC sputtering 
process, etc. may be used. A sputtering system should 
preferably be operated at 0.1 to 10 W/cm 2 for RF sput- 
tering, with a film deposition rate of 0.5 to 10 nm/min. 
and especially 1 to 5 nm/min. 

[0060] A substrate should be set in the range of 
room temperature (25°C) to about 150°C during film 
deposition. 

[0061] In addition to the aforesaid light emitting 
layer, the organic EL device of the invention may com- 
prise an inorganic electron transporting layer plus an 
organic electron injecting layer and, if required, a hole 
injecting and transporting layer. 

[0062] For the electron injecting layer and hole 
injecting and transporting layer, each comprising an 
organic material, it is preferable to use the materials 
capable of injecting and transporting electrons, and 



holes, such as those already mentioned. 
[0063] For the hole injecting and transporting layer, 
use may be made of various organic compounds as dis- 
closed in JP-A's 63-295695, 2-191694, 3-792, 5- 

5 234681, 5-239455, 5-299174, 7-126225, 7-126226 and 
8-100172 and EP 0650955A1. Examples are tetraaryl- 
benzidine compounds (triaryldiamine or triphenyl- 
diamine (TPD)), aromatic tertiary amines, hydrazone 
derivatives, carbazole derivatives, triazole derivatives, 

10 imidazole derivatives, oxadiazole derivatives having an 
amino group, and polythiophenes. These compounds 
may be used singly or in combination of two or more. 
Where two or more such compounds are used, they 
may be stacked as separate layers, or otherwise mixed. 

15 [0064] For the electron injecting layer, there may be 
used quinoline derivatives such as organic metal com- 
plexes containing 8-quinolinol or its derivatives as lig- 
ands, for instance, tris(8-quinolinolato)aluminum (Alq3), 
oxadiazole derivatives, perylene derivatives, pyridine 

20 derivatives, pyrimidine derivatives, quinoxaline deriva- 
tive, diphenylquinone derivatives, and nitro-substituted 
fluorene derivatives. The electron injeting and transport- 
ing layer may also serve as a light emitting layer. In this 
case, it is preferable to use tris(8-quinolilato)aluminum, 

25 etc. The electron injecting layer should preferably be 
formed by deposition by evaporation, etc., as is the case 
with the light emitting layer. 

[0065] When the hole injecting and transporting 
layer is provided as a separate hole injecting layer and 

30 a separate hole transporting layer, two or more com- 
pounds are selected in a preferable combination from 
the compounds already mentioned for the hole injecting 
and transporting layer. In this regard, it is preferable to 
laminate layers in such an order that a compound layer 

35 having the lowest electron affinity is disposed contigu- 
ous to the hole injecting electrode. This order of lamina- 
tion holds for the provision of two or more hole injecting 
and transporting layers. 

[0066] Preferably but not exclusively, the thickness 

40 of the organic hole injecting and transporting layer and 
the thickness of the electron injecting layer should usu- 
ally be of the order of 5 to 500 nm, and especially 1 0 to 
300 nm, although varying with formation techniques. 
When a hole injecting layer and a hole transporting layer 

45 are separately provided, it is preferable that the injecting 
and transporting layers have each a thickness of at least 
1 nm. The upper limit to thickness is usually about 500 
nm for the injecting layer, and about 500 nm for the 
transporting layer. 

so [0067] Preferably, the light emitting layer, the 
organic hole injecting and transporting layer, and the 
electron transporting layer are formed by a vacuum 
evaporation process because a uniform thin film can 
then be obtained. With the vacuum evaporation proc- 

55 ess, it is thus possible to obtain a uniform thin film in an 
amorphous state or with a grain size of up to 0.2 um A 
grain size of greater than 0.2 u.m results in non-uniform 
light emission. To avoid this, it is required to make the 
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driving voltage of the device high. However, this in turn 
gives rise to some considerable drop of hole or electron 
injection efficiency. 

[0068] No special limitation is imposed on condi- 
tions for vacuum evaporation. However, the vacuum 
evaporation should preferably be carried out at a degree 
of vacuum of up to 10" 4 Pa and a deposition rate of 
about 0.01 to 1 nm/sec. Also, the layers should prefera- 
bly be continuously formed in vacuo, partly because the 
deposition of impurities on the interface between adja- 
cent layers is avoidable resulting in the achievement of 
high performance, and partly because the driving volt- 
age of the device can be lowered with elimination of 
dark spots or no growth of dark spots. 
[0069] When the layers, each containing a plurality 
of compounds, are formed by the vacuum evaporation 
process, it is preferable that co-evaporation is carried 
out while each boat with the compounds charged 
therein is placed under temperature control. 
[0070] Preferably, the device is sealed up by means 
of a sealing sheet, etc. for the purpose of preventing 
degradation of the organic layers and electrodes in the 
device. To prevent penetration of moisture, the sealing 
sheet is bonded to the device using an adhesive resin 
layer to seal up the device. An inert gas such as Ar, He, 
and IM 2 is preferably used as a sealing gas. Then, the 
sealing gas should preferably have a moisture content 
of up to 100 ppm, especially up to 10 ppm, and more 
especially up to 1 ppm. Although there is no particular 
lower limit to the moisture content, the sealing gas 
should usually have a moisture content of about 0.1 
ppm. 

[0071] The sealing sheet, preferably in a flat sheet 
form, may be made of transparent or translucent mate- 
rials such as glasses, quartz, and resins, among which 
the glasses are preferred. For such glass materials, 
alkali glass is preferable from a cost standpoint. Other 
preferable glass materials, for instance, include soda 
lime glass, lead alkali glass, borosilicate glass, alumino- 
silicate glass, and silica glass. In particular, a soda 
glass material subjected to no surface treatment is inex- 
pensive and so is preferable. A metal sheet, a plastic 
sheet or the like, too, may be used in place of the seal- 
ing glass sheet. 

[0072] For height control, a spacer is used to keep 
the sealing sheet at a height as desired. The spacer 
material may be resin beads, silica beads, glass beads, 
glass fibers, etc., with the glass beads being most pre- 
ferred. The spacer is usually in a particulate form having 
a uniform particle size. In the invention, however, a 
spacer of any desired shape may be used provided that 
it can function well. The spacer size should preferably 
be 1 to 20 ujti, especially 1 to 10 u.m, and more espe- 
cially 2 to 8 urn as calculated on a circle diameter basis. 
A spacer having such a diameter should preferably have 
a particle length of up to about 100 ^im. Although there 
is no particular lower limit to the particle size, the parti- 
cle size should usually be equal to or larger than the 



diameter. 

[0073] The spacer may or may not be used when a 
recess is provided in the sealing sheet. When the 
spacer is used, its size is preferably within the aforesaid 
5 range, and more preferably within the range of 2 to 8 
urn. 

[0074] The spacer may have been incorporated in 
the sealing adhesive agent or may be incorporated in 
the sealing adhesive agent at the time of bonding. The 
w content of the spacer in the sealing adhesive agent 
should be preferably 0.01 to 30 wt%, and more prefera- 
bly 0.1 to 5 wt%. 

[0075] For the adhesive agent, it is preferable to use 
a cation curing epoxy resin of the ultraviolet curing type, 
15 although an adhesive agent of the type that ensures 
stable adhesion strength and good airtightness may be 
used. 

[0076] For the substrate on which an organic EL 
structure is formed according to the invention, a non- 

20 crystalline substrate such as a glass or quartz sub- 
strate, and a crystalline substrate such as an Si, GaAs, 
ZnSe, ZnS, GaP or InP substrate may be used. The 
crystalline substrate may also be provided with a crys- 
talline or noncrystalline buffer layer or a metal buffer 

25 layer. For a metal substrate, Mo, Al, Pt, Ir, Au, Pd, and 
other metal substrates may be used. However, it is pref- 
erable to use a glass substrate. The substrate is usually 
located on the side out of which light is taken, and so it 
should preferably be transparent to light as in the above 

30 electrodes. 

[0077] In the invention, a number of devices may be 
arranged on a plane. A color display may be con- 
structed by changing the colors of light emitted from the 
devices arranged on the plane. 

35 [0078] The substrate may be provided with a color 
filter film, fluorescent material-containing color conver- 
sion film or dielectric reflecting film for controlling the 
color of light emission. 

[0079] For the color filter film, a color filter employed 
40 with liquid crystal display devices, etc. may be used. 
However, it is preferable to control the properties of the 
color filter in conformity to the light emitted from the 
organic EL device, thereby optimizing the efficiency of 
taking out light emission and color purity. 
45 [0080] By using a color filter capable of cutting off 
extraneous light of such short wavelength as absorbed 
by the EL device material or the fluorescent conversion 
layer, it is possible to improve the light resistance of the 
device and the contrast of what is displayed on the 
so device. 

[0081] Instead of the color filter, an optical thin film 
such as a dielectric multilayer film may be used. 
[0082] The fluorescent color conversion film 
absorbs light emitted from an EL device and gives out 
55 tight from the phosphors contained therein for the color 
conversion of light emission, and is composed of three 
components, a binder, a fluorescent material and a light 
absorbing material. 
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[0083] In the practice of the invention, it is basically 
preferable to use a fluorescent material having high flu- 
orescent quantum efficiency, and especially a fluores- 
cent material having strong absorption in an EL light 
emission wavelength region. Laser dyes are suitable for 5 
the practice of the invention. To this end, for instance, it 
is preferable to use rohodamine compounds, perylene 
compounds, cyanine compounds, phthalocyanine com- 
pounds (including subphthalocyanine compounds, 
etc.), naphthaloimide compounds, fused cyclic hydro- 10 
carbon compounds, fused heterocyclic compounds, sty- 
ryl compounds, and coumarin compounds. 
[0084] For the binder, it is basically preferable to 
make an appropriate selection from materials that do 
not extinguish fluorescence. It is particularly preferable 15 
to use a material that can be finely patterned by photo- 
lithography, printing or the like. When the color conver- 
sion filter film is provided on the substrate while it is in 
contact with the hole injecting electrode, it is also prefer- 
able to use a binder material that is not damaged during 20 
(ITO or IZO) film formation. 

[0085] The light absorbing material is used when 
light is not fully absorbed by the fluorescent material, 
and so may be dispensed with, if not required. For the 
light absorbing material, it is preferable to make a selec- 25 
tion from materials that do not extinguish fluorescence. 
[0086] The organic EL device of the invention is 
generally of the DC drive type while it may be of the AC 
or pulse drive type. The applied voltage is generally of 
the order of 2 to 30 volts. 30 
[0087] The organic EL device of the invention may 
have such construction as shown in Fig. 1, wherein, in 
order from a substrate 1, a hole injecting layer 2, a light 
emitting layer 4, a high-resistance inorganic electron 
transporting layer 5, an organic electron injecting layer 6 35 
and an electron injecting electrode 7 are laminated or 
otherwise stacked on the substrate 1. Alternatively, the 
organic EL device may have such construction as 
shown in Fig. 2, wherein, in order from a substrate 1 , a 
hole injecting electrode 2, a hole injecting and transport- 40 
ing layer 3, a light emitting layer 4, a high- resistance 
electron transporting layer 5, an organic electron inject- 
ing layer 6 and an electron injecting layer 7 are lami- 
nated or otherwise stacked on the substrate 1 . This 
order of lamination may be reversed to set up a so- 45 
called reverse lamination structure. These may be 
appropriately selected, for instance, depending on dis- 
play specifications, fabrication processes, etc. In Figs. 1 
and 2, a driving power source E is connected between 
the hole injecting electrode 2 and the electron injecting so 
electrode 7. 

[0088] According to the invention, devices may be 
placed one upon another in a cascade manner, so that 
the emitted light can be controlled in terms of color tone 
or displayed in multiple colors. 55 
[0089] The organic EL device or devices of the 
invention may be applied not only to display systems but 
also to various optical systems such as pickups used for 



reading/writing memories, photocouplers, and relay 
devices in optical communication transmission lines. 

EXAMPLE 
Example 1 

[0090] A 7059 substrate (made by Corning) used as 
a glass substrate was scrubbed with neutral detergent. 
[0091] At a substrate temperature of 250°C, an ITO 
hole injecting electrode layer of 200 nm in thickness was 
formed on the substrate by means of an RF magnetron 
sputtering process using an ITO oxide target. 
[0092] Then, the substrate with the ITO electrode 
layer, etc. formed thereon was washed on its surface 
with UV/O3, and then fixed to a substrate holder in a 
vacuum evaporation system, which was evacuated to a 
vacuum of 1 x 10~ 4 Pa or lower. 

[0093] IM^^'.N'-tetrakis^-biphenyO-I.V-biphenyl- 
4,4'-diamine (TPD), tris(8-quinolinolato)aluminum 
(Alq3) and rubrene were deposited by evaporation at an 
overall deposition rate of 0.2 nm/sec. to a thickness of 
40 nm thereby forming a light emitting layer. The mixture 
of TPD and Alq3 at 1 :1 by weight was doped with 5 vol% 
of rubrene. 

[0094] Then, the substrate was transferred into a 
sputtering system, where a high- resistance inorganic 
electron injecting and transporting layer of 2 nm in thick- 
ness was formed on the substrate using a target 
obtained by mixing Li 2 0 with 4 mol% of V. This sputter- 
ing was carried out at room temperature (25°C), a film 
deposition rate of 1 nm/min., an operating pressure of 
0.2 to 2 Pa and a power input of 500 W, using a sputter- 
ing gas containing 30 seem of Ar and 5 seem of 0 2 . The 
thus obtained inorganic electron injecting layer was 
found to have a composition substantially similar to that 
of the target. 

[0095] With the vacuum still maintained, tris(8-quin- 
olinolato) aluminum (Alq3) was then deposited by evap- 
oration at an overall deposition rate of 0.2 nm/sec. to a 
thickness of 30 nm, thereby forming an electron inject- 
ing layer. 

[0096] With the vacuum still kept, AILi (Li: 7 at%) 
was then deposited by evaporation to a thickness of 1 
nm, and Al was subsequently deposited by evaporation 
to a thickness of 200 nm, thereby forming an electron 
injecting electrode and an auxiliary electrode, respec- 
tively. Finally, the thus obtained EL structure was sealed 
up by glass to obtain an organic EL device. 
[0097] When an electric field was applied to the 
obtained organic EL device in the air, it showed diode 
performance. When the device was biased with ITO on 
a positive side and AILi/AI electrode on a negative side, 
the current increased with increasing voltage, and dis- 
tinct light emission was observed from the sealing sheet 
side in an ordinary room. Even upon repetitive emission 
operations, no luminance decrease was found. 
[0098] Upon measured by a four-terminal method, 
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the high-resistance inorganic hole transporting layer 
was found to have a sheet resistance of 7 k£2/cm 2 at a 
sheet thickness of 100 nm, which corresponded to a 
resistivity of 7 x 1 0 8 £1 • cm. 

Example 2 

[0099] An organic EL device was prepared and esti- 
mated as in Example 1 . However, a hole injection elec 
trode was first formed. Then, MTDATA was deposited by 
evaporation at a deposition rate of 0.1 nm/sec. to a 
thickness of 1 0 nm thereby forming a hole injecting layer 
and TPD was deposited by evaporation at a deposition 
rate of 0. 1 nm/sec. to a thickness of 20 nm thereby form- 
ing a hole transporting layer. As a result, it was found 
that when driven with a constant current, there is an 
improvement in light emission luminance with an 
increased luminance half-life. 

[0100] More specifically, the obtained organic EL 
device was found to have an initial luminance of 950 
cd/m 2 and a driving voltage of 6.9 V when driven at a 
constant current density of 10 mA/cm 2 in the air. 

Example 3 

[0101] Examples 1 and 2 were repeated with the 
exception that the composition of the high-resistance 
inorganic electron injecting layer was changed from 
Li 2 0 to an oxide or oxides selected from oxides of an 
alkali metal element such as Na, K, Rb, Cs and Fr, an 
alkaline earth metal element such as Be, Mg, Ca, Sr, Ba 
and Ra, and a lanthanide element such as La, Ce, Pr, 
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. In 
these cases, too, similar results were obtained. 
[0102] When V was changed to at least one ele- 
ment selected from Ru, Zn, Sm and In, too, similar 
results were obtained. 

Example 4 

[0103] In Example 2, a high -resistance inorganic 
hole injecting layer of 20 nm in thickness was formed 
while an Au pellet of predetermined size was placed on 
a Ge0 2 target. This sputtering was carried out at room 
temperature (25°C), a deposition rate of 1 nm/min., an 
operating pressure of 0.2 to 2 Pa and a power input of 
500 W, using a sputtering gas containing 30 seem of Ar 
and 5 seem of 0 2 . The thus obtained inorganic hole 
injecting layer was composed of Ge0 2 with 2 mol% of 
Au contained therein. 

[0104] An organic EL device was prepared as in 
Example 1 under otherwise similar conditions, and esti- 
mated as in Example 1. The results were substantially 
similar to those of Example 1 . 

Comparative Example 

[0105] An organic EL device was prepared and esti- 



mated as in Example 1 . However, an I TO hole injection 
electrode was first formed. Then, MTDATA was depos- 
ited by evaporation at a deposition rate of 0.1 nm/sec. to 
a thickness of 10 nm thereby forming a hole injecting 

5 layer and TPD was deposited by evaporation at a depo- 
sition rate of 0.1 nm/sec. to a thickness of 20 nm thereby 
forming a hole transporting layer. Following formation of 
a light emitting layer, tris(8-quinolinolato)aluminum 
(Alq3) was deposited by evaporation at a deposition rate 

10 of 0.2 nm/sec. to a thickness of 40 nm thereby forming 
an organic injecting and transporting layer. As a result, 
the initial luminance was found to be 750 cd/m 2 upon 
driven at a constant current density of 1 0 mA/m 2 - 

15 EFFECT 

[0106] According to the invention as explained 
above, it is possible to provide an organic EL device 
which possesses the merits of both an organic material 
20 and an inorganic material, has high efficiency and an 
extended life, and can be fabricated at low cost. 

Claims 

25 1. An organic EL device which comprises: 

a hole injecting electrode, an electron injecting 
electrode and an organic layer interleaved 
between these electrodes and including at 

30 least a light emitting layer, 

a high -resistance inorganic electron transport- 
ing layer interleaved between said light emitting 
layer and said electron injecting electrode, 
said high-resistance inorganic electron trans- 

35 porting layer being capable of blocking holes 

and having a conduction path for carrying elec- 
trons, and 

an organic electron injecting layer interleaved 
between said high-resistance inorganic elec- 
40 tron transporting layer and said electron inject- 

ing electrode. 

2. The organic EL device according to claim 1, 
wherein said high-resistance inorganic electron 

45 transporting layer comprises as a first component 

at least one oxide having a work function of 4 eV or 
lower and selected from the group consisting of 
oxides of an alkali metal element, an alkaline earth 
metal element, and a lanthanide element, and as a 

so second component at least one metal selected from 
the group consisting of metals having a work func- 
tion of 3 to 5 eV. 

3. The organic EL device according to claim 1 or 2, 
55 wherein said second component is at least one 

metal selected from the group consisting of Zn, Sn, 
V, Ru, Sm, and In. 
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4. The organic EL device according to any one of 
claims 1 to 3, wherein said alkali metal element is at 
least one element selected from the group consist- 
ing of Li, Na, K, Rb, Cs, and Fr, said alkaline earth 
metal element is at least one element selected from 5 
the group consisting of Mg, Ca, and Sr, and said 
lanthanide element comprises at least one element 
selected from the group consisting of La, and Ce. 

5. The organic EL device according to any one of io 
claims 1 to 4, wherein said high-resistance inor- 
ganic electron transporting layer has a resistivity of 

1 to 1 x 10 11 &*cm. 

6. The organic EL device according to any one of 15 
claims 1 to 5, wherein said high-resistance inor- 
ganic electron transporting layer contains said sec- 
ond component in an amount of 0.2 to 40 mol% 
relative to all components thereof. 

20 

7. The organic EL device according to any one of 
claims 1 to 6, wherein said high- resistance inor- 
ganic electron transporting layer has a thickness of 
0.2 to 30 nm. 

25 
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